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SIIRIECT. U i  o s c  i e n c e  Subsequence i n  a M u l t i -  
D i s c i p l i n a r y  Space  S t a t i o n .  

DATE: December 2 7 ,  1968 

Case 7 2 0 .  FROM: R. E. McGaughy ~ 

TECHNICAL MEMORANDUM 

I. INTRODUCTION 

T h i s  memorandum d i s c u s s e s  t h e  b i o l o g i c a l  e x p e r i m e n t  
a c t i v i t y  which  migh t  be car r ied  o u t  on  a s ix-man,  two-year  
e a r t h - o r b i t a l  s p a c e  s t a t i o n  whose g e n e r a l  c h a r a c t e r i s t i c s  a r e  
( 3 u t l i n e d  i n  a memorandum b y  G .  T .  Orrok (Ref .  1). Major  em- 
~~11a::i:; w i l l  b e  p l a c e d  on t h e  g e n e r a l  t y p e s  o f  b i o l o g i c a l  s c i -  
c'tlce a c t i v i t y  which would be m e a n i n g f u l  i n  t h e  s p a c e  s t a t i o n  
~ a t h c r  t h a n  a d e t a i l e d  d e s c r i p t i o n  o f  e a c h  crew member 's  ac-  
t i v i t y  t h r o u g h o u t  t h e  m i s s i o n .  All of t h e  s c i e n t i f i c  a c t i v i -  
t i  e:; ai'c bounded by  t h e  s l eep -ea t -work  s c h e d u l e  d e s c r i b e d  by  
S. L .  I'eriri ( R e f .  2 )  and r e f e r r e d  t o  as t h e  P e r s o n a l  Ma in tenance  
Subsequence .  

l i a t i o r i a l e  for E a r t h  O r b i t a l  B io logy  Exper imen t s  - .- 

There  a re  s e v e r a l  r e a s o n s  f o r  d o i n g  b i o l o g y  e x p e r i -  
merits i n  e a r t h  o r b i t .  

1. The u n i q u e  env i ronmen t  of  a n  e a r t h - o r b i t i n g  
s a t e l l i t e  c a n  c o n t r i b u t e  t o  our knowledge o f  b a s i c  b i o l o g i c a l  
p r o c e s s e s .  Expe r imen t s  i n  z e r o  g r a v i t y  a re  needed  t o  t e s t  
t h e o r i e s  o f  t h e  n a t u r e  o f  g r a v i t y  p e r c e p t i o n  i n  p l a n t s  and 
kTcotropisrn i n  r o o t s  and stems. I n  a d d i t i o n ,  m e a s u r i n g  t h e  
i ~ r c , w t l 1  of  embryos i n  a r educed  g r a v i t y  e n v i r o n m e n t  might  c l a r -  
if!: tile n a t u r e  o f  c e l l u l a r  and t i s s u e  s p e c i a l i z a t i o n  d u r i n g  
aillitla1 deve lopmen t .  S i n c e  e a r t h  s a t e l l i t e s  e x p e r i e n c e  none 
o f  tllc e a r t h ' s  no rma l  24-hour ( c i r c a d i a n )  p e r i o d i c i t i e s  o f  
ti'r'dvi t y  f ie ld : ; ,  m a g n e t i c  f i e l d s  and  l i g h t  i n t e n s i t y ,  e x p e r i -  
I I I C ' I I L S  i r i  e a r t h  o r b i t  m i g h t  be u s e f u l  i n  d i s c o v e r i n g  t h e  mech- 
arii SIII of c i r c a d i a n  p e r i o d i c i t i e s  o f  t h e  m e t a b o l i s m  a n d  a c t i v i t y  
of' l i v i n g  s y s t e m s .  

2 .  Expe r imen t s  on a n i m a l s  i n  s p a c e  can  h e l p  u s  un- 
d(>i> . ; ta r id  t h e  p r o c e s s  o f  human a d a p t a t i o n  t o  t h e  s p a c e  e n v i -  
i ior i inc~nt .  I t  i s  p o s s i b l e  to measure  a g r e a t e r  v a r i e t y  o f  
pI1 ,vs i  o l o ~ i c a l  and  b e h a v i o r a l  p a r a m e t e r s  on a n i m a l s  t h a n  on 
i t i ' i t i ,  and tlicse measurements  c o u l d  h e l p  u s  u n d e r s t a n d  t h e  
[ ~ i ~ o ~ ~ t ~ s s  o f  a d a p t a t i o n  t o  zero-G c o n d i t i o n s .  Animals  a r e  a l s o  
~ i ~ . ' ~ f ' u l  for t c s t i n g  p o t e n t i a l  c o u n t e r m e a s u r e s  ( e . g . ,  d r u g  
t , I ' t>c l . t , r r r ien tu)  a g a i n s t  t h e  a d v e r s e  e f f e c t s  e x p e r i e n c e d  b y  man i n  
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3 .  An e a r t h - o r b i t i n g  s p a c e  s t a t i o n  i s  a n  i d e a l  
platform f o r  t e s t i n g  t e c h n i q u e s  f o r  t h e  d e t e c t i o n  o f  e x t r a t e r -  
r e s t r i a l  l i f e .  T h i s  has two a s p e c t s :  ( a )  r e m o t e  s e n s i n g  of 
life on E a r t h ,  and ( b )  l a b o r a t o r y  a n a l y s i s  of  t e r r e s t r i a l  
soils and m e t e o r o i d s  c o l l e c t e d  i n  s p a c e .  Z e r o - g r a v i t y  t e c h -  
1 l i q u e s  i n  sample  h a n d l i n g  and e x p e r i m e n t a t i o n  u n d e r  s t e r i l e  
c o n d i t i o n s  must be d e v e l o p e d  i f  man i s  t o  a n a l y z e  s o i l  s a m p l e s  
f rom a p l a n e t a r y  l a n d i n g  or f l y - b y .  

I n  a d d i t i o n  t o  t h e s e  e x p l i c i t  r e a s o n s  f o r  p e r f o r m i n g  
e a r t h - o r b i t a l  b i o l o g y  e x p e r i m e n t s ,  i t  i s  a lways  p o s s i b l e  t h a t  
ttie e x p e r i m e n t s  w i l l  t u r n  up s u r p r i s e s  where w e  are  n o t  look- 
i n g  for t h e m .  T h i s  i s  e s p e c i a l l y  t r u e  for t h e  p r o p o s e d  g roup  
o f  expe i i i rnen t s  which  i n v e s t i g a t e  t h e  e f f e c t s  o f  z e r o - g r a v i t y  
011 a wide r a n g e  o f  p l a n t s  and a n i m a l s .  From a l o n g - r a n g e  
v I ( .wpo in t ,  t h i s  s e r e n d i p i t y  r a t i o n a l e  i s  an i m p o r t a n t  f a c t o r  
i l l  t11e deve lopmen t  of new c a p a b i l i t i e s .  

1.1. HARDWARE NEEDED F O R  B I O L O G Y  EXPERIMENTS 

The Doug las  B i o t e c h n o l o g y  L a b o r a t o r y  S tudy  ( R e f .  3 )  
l l s t s  t h e  equ ipmen t  n e e d e d  to c a r r y  o u t  most  o f  t h e  b i o l o g y  
e x p e r i m e n t s  r e f e r r e d  t o  above.  T h i s  l i s t ,  which  o m i t s  e x o b i -  
o l o g y - r e l a t e d  e q u i p m e n t ,  i n c l u d e s  l i f e  s u p p o r t  f a c i l i t i e s  for 
b i o l o g i c a l  spec imens  and  l a b o r a t o r y  i n s t r u m e n t s  f o r  a n a l y z i n g  
m t ; a b o l i s m ,  g r o w t h ,  t i s sue  s t r u c t u r e ,  and  c h e m i s t r y  o f  body 
fluids. 

I t  s h o u l d  be p o i n t e d  o u t  t h a t  e x o b i o l o g y  a c t i v i t i e s  
r e q u i r e ,  i n  a d d i t i o n  t o  a small  amount o f  s p e c i a l  e q u i p m e n t ,  
t h e i r  own s t e r i l e  working  a r e a  o f  t h e  s p a c e c r a f t .  T h i s  area 
m u s t  b e  c o m p l e t e l y  i s o l a t e d  f rom a l l  s o u r c e s  o f  t e r r e s t r i a l  
c o n t a m i n a t i o n  f o r  t h e  e n t i r e  d u r a t i o n  of t h e  f l i g h t .  The an-  
Inial s u r g e r y  and some l a b o r a t o r y  a n a l y s e s  a l s o  r e q u i r e  a s t e r i l e  
worlking area,  b u t  t h e  l a t t e r  area can  be  s t e r i l i z e d  i m m e d i a t e l y  
b e f o r e  t h e  e x p e r i m e n t  i s  p e r f o r m e d ,  and  t h e r e f o r e  r e q u i r e s  n o  
u n u s u a l  d e s i g n  e f f o r t .  

111. DESCRIPTION OF B I O L O G I C A L  EXPERIMENT A C T I V I T Y  

T a b l e  I ( f rom Hi l chey  and  Mason, Ref .  4 ,  p .  8 )  shows 
the g e n e r a l  t y p e s  of a c t i v i t y  f o r  which man i s  needed  i n  p e r -  
f o r m i n g  s p a c e  b i o l o g y  e x p e r i m e n t s .  I t  e m p h a s i z e s  t h e  p r o g r e s -  
s i v e  Jegree o f  i n v o l v e m e n t  w h i c h  o c c u r s  as s c i e n t i f i c  a b i l i t i e s  
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a r e  g r a d u a l l y  improved  i n  s p a c e .  By t h e  t i m e  t h e  two-year  
s p a c e  s t a t i o n  i s  l a u n c h e d ,  we e x p e c t  t h a t  t h e  a s t r o n a u t s  w i l l  
b e  a t  a b o u t  l e v e l  C ,  where t h e y  w i l l  b e  making s i g n i f i c a n t  
c o n t r i b u t i o n s  as t r a i n e d  b i o l o g y  t e c h n i c i a n s .  

I n  F i g u r e  1, t h e  b i o l o g i c a l  s c i e n c e  a c t i v i t i e s  of 
t h e  s p a c e  s t a t i o n  are d e s c r i b e d  as a s e r i e s  of modes,  e a c h  
w l t h  i t s  own r e q u i r e m e n t s  of crew t i m e  and  s p a c e c r a f t  r e s o u r c e s ,  
By i n c l u d i n g  a n  " u n a t t e n d e d "  mode (Mode A ) ,  w e  emphas ize  t h a t  
t he  spec imens  ( e . g . ,  b a c t e r i a ,  p l a n t s ,  a n i m a l s )  a re  c o n t i n u a l l y  
twirig s u p p o r t e d  b y  t h e  s p a c e c r a f t  l i f e - s u p p o r t  equ ipmen t ,  b u t  
tliat c rew t i m e  i s  n o t  needed  t o  keep  them alive. The f i l m  re- 
q u i r e m e n t s  a l l o w  f o r  t i m e - l a p s e  p h o t o g r a p h y  o f  g rowing  t i s s u e  
a t  Lhe r a t e  of  one  p i c t u r e  eve ry  f i v e  m i n u t e s .  The a u t o m a t i c  
t ape  r e c o r d i n g  of d a t a  a l l o w s  for l o 4  b i t s  p e r  day f o r  e a c h  of 
t t ' r i  e x p e r i m e n t s .  T h e  power needed  for c o n d u c t i n g  a l l  o f  t h e  
biology e x p e r i m e n t s  l i s t e d  i n  t h e  r e c e n t  "Exper iment  Program 
for. Manned O r b i t a l  Workshops" ( R e f .  5 )  i s  a b o u t  1050 wat t s .  

Mode B ( b i o l o g i c a l  h o u s e k e e p i n g )  i n c l u d e s  a m a j o r  
p a r t  o f  the r o u t i n e  b i o s c i e n c e  a c t i v i t y  descr ibed  i n  Table I .  
I t  i s  d u r i n g  t h i s  t ime t h a t  t h e  spec imens  w i l l  b e  checked  f o r  
I n t e g r i t y ,  g rowth  p a t t e r n s  o b s e r v e d ,  s a m p l e s  c o l l e c t e d  and  
p r e s e r v e d ,  a n d  spec imens  f e d .  

I n  Mode C t h e  b i o s c i e n c e  s p e c i a l i s t  p e r f o r m s  l a b o r a -  
t o r y  a n a l y s i s  of v a r i o u s  samples  ( a n i m a l  body f l u i d s ,  t r a c e r  
c h e m i s t r y  i n  tissue c u l t u r e s  and  b a c t e r i a ,  s t a i n i n g  of  t i s s u e  
for microscope  e x a m i n a t i o n ,  p h o t o m i c r o g r a p h y ,  b a c t e r i a l  g rowth  
a n a l y s i s ,  s u r v i v a l  s t u d i e s  of t e r r e s t r i a l  o r g a n i s m s  i n  s p a c e ,  
e t c . ) .  The t i m e  d e v o t e d  t o  t hese  t a sks  depends  s t r o n g l y  on 
tile s k i l l s  and  i n t e r e s t  of t h e  s c i e n t i s t s  on b o a r d ,  and  t h e  
fl1t;ur-e o f  4-8 h o u r s  p e r  week s h o u l d  be r e g a r d e d  o n l y  as a 
I-, re 1 1 m 1 11 a r  y e s t ima t e . 

The a n i m a l  s u r g e r y  (Mode D) a n d  e x o b i o l o g y  (Mode E )  
a c t i v i t i e s  are d e s c r i b e d  as s e p a r a t e  modes b e c a u s e  t h e y  e a c h  
r e q u i r e  t h e i r  own b l o c k  of time, u s e  t h e i r  own s t e r i l e  a r e a s  
o f  t h e  s p a c e c r a f t ,  and  r e q u i r e  u n i q u e  c rew s k i l l s ,  For example ,  
t h e  a n i m a l  s u r g e r y  e x p e r i m e n t s  are  s p e c i f i c a l l y  d e s i g n e d  for 
a p h y s i c i a n ,  who migh t  n o t  be t r a i n e d  t o  i d e n t i f y  c o m p e t e n t l y  
t h e  t y p e s  o f  mic ro -o rgan i sms  i n  s o i l  s a m p l e s .  

I f  one o f  t h e  b i o l o g i c a l  spec imens  becomes ill, as 
described i n  Mode F ,  t h e n  a crew member c o u l d  be  o c c u p i e d  w i t h  
s u r v e i l l a n c e  and  t r e a t m e n t  and become u n a v a i l a b l e  for o t h e r  
tasks. I n  t h i s  mode, as i n  a l l  of t h e  b i o s c i e n c e  modes,  no 
::pt'clal communicat ion or power l o a d  i s  imposed on t h e  space -  
ci.af't o p e r a t i o n a l  s y s t e m s .  
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1V. SIJMMAHY -- 
' J ' t i l s  mcmorandum has o u t l i n e d ,  i n  broad t e rms ,  t h e  

k1;tbneru.L t y p e s  of b i o l o g i c a l  s c i e n c e  a c t i v i t y  which would be 
~ i ~ ~ a i i ~ n ~ ~ f ' u l  i n  3n e a r t h - o r b i t i n g  s p a c e  s t a t i o n .  We have d i s -  
cu:;:;od L ~ I C  way i n  which t h e s e  a c t i v i t i e s  demand crew t ime and 
::kills as wel l  as s p a c e c r a f t  r e s o u r c e s .  F i g u r e  1 summarizes  
these  demands i n  a form c o m p a t i b l e  w i t h  t h o s e  o f  o t h e r  d i s c i -  
p l i n e s .  

The  a u t h o r  would l i k e  t o  t h a n k  S.  L.  Penn a n d  G .  T .  
Orrok  f o r  h e l p f u l  comments c o n c e r n i n g  t h e  o r g a n i z a t i o n  of Fig- 
u r e  1. 

10 11-REM- c b  
a.t:yL )$w.L+y 

R .  E .  McGaughy 

A t  t a c  hmen t s 
'Fable  I 
F i g u r e  1 
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TABLE I 

J O B  DESCRIPTIONS FOR 

FIVE REASONABLE ALTERNATIVE ASTRONAUT ROLES 
I N  ORBITAL SPACE BIOLOGY RESEARCH 

ALTERNATIVE DUTIES 

0 Retu rn  l o g i s t i c s  ( b r i n g s  back  e x p e r -  
iment package  ) 

A A s  a b o v e ,  wlus  : - -  
Moni to r s  c o n d i t i o n s  o f  e x p e r i m e n t  
as a whole  
L o g s  and /o r  t r a n s m i t s  m o n i t o r e d  
r e c o r d s  

B A s  a b o v e ,  p l u s :  
Deploys e x p e r i m e n t s  
S t a r t s  up e x p e r i m e n t s  
P r e v e n t i v e  m a i n t e n a n c e  
Repairs or r e a l i g n s  
Specimen removal  and p r e s e r v a t i o n  
T e r m i n a t i o n  of e x p e r i m e n t s  

C A s  above ,  p l u s :  
Execu te s  s i m p l e  S u r v e y  R e s e a r c h  P r o -  
gram 
Simple e x p e r i m e n t  m a n i p u l a t i o n s  
Simple o b s e r v a t i o n s  
R e p o r t s  s i g n i f i c a n t  e v e n t s  t o  ground 
P . I .  
I n i t i a t e s  s i m p l e  repea t  or f o l l o w - o n  
e x p e r i m e n t s  w i t h  r e u s a b l e / a d a p t i v e  
equipment  

D A s  above ,  p l u s :  
A s  P . I . ,  o r  member o f  P . I .  team 
A s  p r o f e s s i o n a l l y  q u a l i f i e d  and  ex- 
p e r i e n c e d  s p e c i a l i s t  i n i t i a t e s ,  re- 
v i s e s ,  r e d i r e c t s :  

S e r i e s  o f  r e l a t e d  e x p e r i m e n t s  
To f u r t h e r  a complex,  i n d e p t h  

To a s s u r e  maximum s c i e n t i f i c  
r e s e a r c h  program 

wor th  o f  progrqm 
- - 



z 
0 

m 
c3 
3 e 
n 
-a 

go_ 

m 
W e 
a 

n o  a m 
ts 
5 
J 

I -  

- 
0 
W a 
m 

A-  m n u  A -  m n  m - m 

> 
c3 

m 
0 
X 
W 

0 
W 
n 

s 0 

z 
m 
- 
a 

- - A  m n  u - m 

I c 

A m - -- m n u  - -  m n  

E 
m 

2 z a 
e 
1; a 
a 

m 

z 

0 
I- 

d 
4 
0 
M 

z A 

m 

> a 
n 
E 
W a 
m e 
3 
0 
I 
z I a 
5 

z 
- 
m 

I z 
E o w  

a 
W 
n 

2 
z 
m 
- 
a 

- m m 

m 
3 
0 
3 z - 
c 

- m A m n 

m- 

c 
z 
0 - 
c 
W a 

~ a 0 n e 

.. 
m z 

0 1 


